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To this syndicate the German Government extends a helping 
hand a t  all times. It is Germany, first, last and all the time, 
and against the world. I n  the potash case a few years ago 
there was an actual partnership with the government to  regu- 
late the price of potash and together they control the supply 
of the world. 

To  what extent the individuality of the chemist contributes 
toward the general situation is to be judged by the reader. 
Foreign chemists are satisfied with a small salary-here, three 
times as much pay is demanded. Graduates are glad to  seize 
the opportunity to get into a factory a t  little compensation to 
get a start and for the practical knowledge they will acquire. 
This presents a phase rather unfamiliar to  our general views 
and shows they have either a belief in themselves and their 
future or a willingness to sacrifice themselves for their love of 
profession. 

If a graduate is satisfied to wofk for a small sum, eager for 
a chance to do great work a t  a personal sacrifice, i t  certainly 
shows a high degree of patriotism or an intense love of profession. 
Ambition will generally make good in any capacity and prove 
its worth. While the wages paid abroad are very much lower, 
this condition cannot have much bearing, when the different 
standards of living and relative costs of same are impartially 
considered. 

Germany is spending enormous amounts each year for its 
chemical development through its universities in which the in- 
structors and chemical factories cooperate with very successful 
results. An individual or manufacturer up against a difficult 
problem has at call the finest advisory talent available as well 
as adequately equipped laboratories a t  his disposal. When 
such authorities as Prof. R. K. Duncan and his associates are 
striving their utmost to bring about a similar condition, prac- 
tically absent in this country, it  is most apparent that  this spirit 
of cooperation has a high potential value. That there is a lack 
of such cooperation as exists abroad between the manufacturer 
and the chemist and also between the educational, financial 
and commercial interests, all will admit, but why should it con- 
tinue if such cooperation is to the advantage of all concerned. 

The writer has knowledge of cases where firms refused to 
take advantage of new processes devised by interested employees 
to  reduce costs and improve the output. Superintendents 
resented any suggestions except those emanating from them- 
selves and looked upon such as a reflection upon their abilities. 
Instances of this nature are by no means rare and especially 
a few years back when “ignorance was bliss,” this phase of 
“destructive conservatism” may have contributed its share 
towards placing the chemical industry in its present state. Such 
a spirit certainly does not promote the efficiency and low manu- 
facturing costs which are essential in industrial progress. The 
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mental attitude of the worker is as important as scientific man- 
agement and how much influence such incidents as the above 
have had upon the industry collectively depends upon the 
personal opinion of the reader. 

Within the confines of Germany or France there is no such 
thing as a played-out farm. Land has been cultivated continu- 
ously year in and year out and to-day still shows a high degree 
of productiveness due to scientific application of fertilizers, 
which we are just beginning to  get acquainted with. With 
the aid of the chemist, German farms are raising beets for sugar 
in competition with cane sugar and are producing beet sugar 
to the tune of IOO million dollars a year. Instead of sending 
their money out of the country for something they cannot 
produce, they keep it a t  home by discovering some substitute 
for the desired product. Again, the United States imports 
creosote for various purposes by the shiploads, produced from 
German coke ovens and permits the same by-product to  go to  
waste a t  our own ovens. These two examples serve to show 
how we neglect our own resources and are simply a few out of 
many illustrations. It is not to  be expected that  we should 
appropriate all the means by which Germany has reached her 
present position. Times and conditions are constantly changing 
and the methods of twenty or thirty years ago could not be 
used to-day, but we can utilize those aids which our common 
sense tells us would be to our benefit and advantage. 

We can develop our natural resources and make them pro- 
ductive. We can foster an intelligent effort to benefit and apply 
to industrial uses the energy and products of the individual 
investigator. We can establish laboratories %-here the problems 
of the manufacturer as well as the individual can be worked 
out. There can be cooperation between our industries and insti- 
tutions of learning. 

Let there be a campaign of education and enlightenment. 
It is surprising how little is known on this subject. Many 
persons well informed generally have but the slightest knowledge 
of existing conditions and evenwithin the professionthere is not the 
familiarity one would expect. We can look for no legislative assis- 
tance until the public is educated and as long as the truth is with- 
held and the gravity of the question is not impressed as a matter 
of public concern and welfare, there will be IIO progress. 

Looking the situation squarely in the face and casting aside 
all prejudice any person intelligent and well informed can see 
what our future will be. To be honest in one’s convictions does 
not mean pessimism or calamity howling. Let us learn the 
truth, rectify our mistakes and build anew. A campaign of 
education once inaugurated cannot fail to bear fruit. Will 
American industry heed the lesson contained in rich England’s 
industrial eclipse, in poor Germany’s steady rise? 
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VENTILATION SYMPOSIUM 
The New York Section of the American Chemical Society held 

a Symposium on Ventilation a t  The Chemists’ Club, November 
7, 1913. The various phases of this vital subject were discussed 
by qualified experts and their addresses are printed in full 
below. [EDITOR. ] 

PHYSIOLOGICAL PROBLEMS OF VENTILATION 

By FREDERIC S. LEE’ 

Man is intimately dependent upon his environment. In  
civilization he lives under artificial conditions, and it is, there- 
fore, necessary to employ artificial means in order to  adapt his 
environment to his physiological needs. The air surrounding 
his body is one of his indispensable environmental factors, and 

1 Dalton Professor of Physiology in Columbia University. 

when it is confined between walls the process of ventilation is 
required to keep the air in such condition that  he is able to  live 
within it in a physiological state. It cannot be too strongly 
emphasized that  the problem of ventilation is fundamentally 
a physiological problem, and it must vary from time to  time 
as the knowledge of man’s physiological requirements becomes 
more exact. We know now much more fully than we knew a 
few years ago what qualities the air that  he is to  breathe ought 
to  possess, and a few years hence our knowledge will doubtless 
be still more full. A few years ago ventilation was supposed 
to be a matter of maintaining the proper chemical purity of 
respirable air. It was only natural to draw this inference from 
the known fact that  respiration renders the air chemically im- 
pure. The chemical compositions of inspired air and expired 
air are as follows: 
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In 

Inspired Expired 
Oxygen ............................ 20.94 16.4 
Carbon dioxide.. .................... 0 . 0 3  4 . 1  
Nitrogen ........................... 78.09 78.09 
Argon.. ............................ 0 .94  0 .94  
Helium, krypton, neon, xenon. e tc . .  ... Traces Traces 

considering the chemical vitiation of air by respiration 
i t  is obvious that  the inert nitrogen, argon, helium, etc., may 
be neglected, and that  attention should be focused upon the 
oxygen and the carbon dioxide. The necessity of oxygen in 
respiration has long been recognized, and it  was long believed 
that  its diminution, especially in the more extreme conditions, 
was a factor to  be considered in ventilation. Against carbon 
dioxide the case seemed even stronger. It is increased more 
than one hundred times by the act of breathing; it was known 
to be poisonous to man; and its elimination was long believed 
to be the all-important requisite in adequate ventilation. The 
object of ventilation was thus to  remove chemically impure air 
and introduce chemically pure air and plenty of it. 

In recent years with the extension of human and animal ex- 
perimentation the aspect of the subject has quite changed. 
It has now been shown that  the oxygen of respirable air may be 
reduced to  less than 1 7  per cent before its diminution becomes 
harmful. This proportion is too small even to support com- 
bustion. Hill says of a group of his students whom he confined 
in a small air-tight room: “We have watched them trying to 
light a cigarette (to relieve the monotony of the experiment) 
and, puzzled by their matches going out, borrowing others, 
only in vain. They had not sensed the percentage of the dimi- 
nution of oxygen, which fell below seventeen.” Except in ex- 
treme experimental conditions the amount of oxygen in crowded 
assemblies never falls below one-twentieth of its usual amount, 
i. e., rarely below 20 per cent. Oxygen will, therefore, take care 
of itself and may probably be wholly left out of consideration 
in ventilating systems. 

With the poisonous carbon dioxide, too, the case now seems 
not so. very different. Within man’s body carbon dioxide 
plays essential r8les. It is the stimulant which excites the 
nervous center of our respiratory mechanism and maintains 
its regular action, and a similar hormone influence has been 
recognized in other bodily functions. Moreover, the poisonous 
properties of carbon dioxide when in air have been exaggerated. 
Experimentation indicates that  it does not become harmful 
to  man until it accumulates to  about one per cent or nearly 
forty times its usual amount. In  crowded rooms it very rarely 
reaches even 0.4 per cent, or ten times its usual proportion in 
pure air and only one-quarter of its harmful amount. Like 
oxygen, therefore, it  would appear that carbon dioxide may 
probably be eliminated from the problem of ventilation except 
under the most extreme and unusual conditions. It is still 
customary t o  use as the standard of suitable ventilation the 
amount of carbon dioxide permissible in the air of rooms. In 
the United States we are still very deficient in ventilation laws, 
but in England specific laws fix the quantity of this gas which 
may be permitted in the work rooms of certain industries. In  
view of the present status of physiological knowledge i t  would 
appear that some other standard than that  of a fixed amount 
of carbon dioxide should be established. 

Notwithstanding these recent changes in our ideas of the 
relation of oxygen and carbon dioxide to ventilation, I am not 
prepared to say without reservation that the continued exposure 
of an individual day after day and week after week to even a 
moderately diminished quantity of oxygen and a moderately 
increased quantity of carbon dioxide would be wholly without 
harm. But I am led to this reservation not by any existing 
positive physiological knowledge, but rather by the necessity 
of maintaining an open mind receptive to future possible dis- 
coveries-a mental attitude which ought always to characterize 
men of science. 

There has long existed a belief, and even among scientific 
men, that expired air contains a peculiar organic and volatile 
constituent, probably of protein nature, which is toxic to  human 
beings and other animals. Various attempts have been made 
to support this idea experimentally. The most of these ex- 
periments have consisted in condensing expired air and then 
injecting it into animals. Some of these experiments have 
seemed to result positively. The latest of these were performed 
by Rosenau and Amoss, in 1911, and the positive result was 
the production of an anaphylactic condition in a certain pro- 
portion of the experimental animals. One by one these suc- 
cessive supposed positive results have been balanced by equally 
significant negative results and have been explained otherwise 
than as indicative of the existence of the hypothetical substance; 
and now in this city Weisman and Lucas independently have 
repeated and extended the work of Rosenau and Amoss and 
have not been able to  confirm their findings. In the light of 
present evidence, therefore, &e cannot accept the belief that  
expired air contains an organic poison. Furthermore, the odor 
of air vitiated by human beings is no index of the presence 
of harmful ingredients. 

I ts  powerful 
oxidizing properties and its intemperate advocacy by enthusiastic 
but unscientific persons have caused it to be hailed popularly 
as highly beneficial to  the human body, not only in ordinary 
respiration but in the purification of the air of living rooms, 
and in the destruction of bacteria and other organic matter. 
In  many offices and homes we find various forms of ozone ma- 
chines, busily a t  work discharging into the atmosphere their 
peculiarly odoriferous product. Very recent investigations 
seem t o  make it clear that the supposed beneficial powers of 
ozone as a home companion are creations of the imagination. 
Two groups of American investigators, Jordan and Carlson, 
in Chicago, and Sawyer, Beckwith and Skolfield, in Berkeley, 
have independently carried out each a series of careful experi- 
ments’ on the action of ozone on bacteria, animals and human 
beings. They find that ozone will indeed kill bacteria exposed 
in a room, but only when in such concentration that i t  will 
kill guinea pigs first. “There is no evidence for supposing that  
a quantity of ozone that  can be tolerated by man has the least 
germicidal action.” When present in any considerable quantity 
in the air ozone is irritating and probably corrosive to the lining 
membrane of the air passages of the nose, throat and lungs, 
causing the blood vessels of this membrane to  be excessively 
dilated and to present the customary symptoms of “sore throat.” 
It causes headache and drowsiness. The heart, at first acceler- 
ated, is later slowed and weakened, and the pressure of the blood 
in the arteries is unduly lowered. The case for ozone thus 
seems t o  narrow down to a supposed beneficial action in de- 
stroying or modifying unpleasant odors in the air of a room. 
When in not too great concentration such odors are, it  is true, 
overcome, though it is quite probable that their disappearance 
is due, not to an actual destruction of the odoriferous substance, 
but partly to a repla6ement of the disagreeable odor by the odor 
of ozone and partly to fatigue or anesthesia of the olfactory 
membrane of the nose. It is very questionable whether this 
is wise, and Jordan and Carlson well say: “It seems to  us 
that  this is wrong in principle, and that  ozone is being used 
and will be used as a crutch to  bolster up poor ventilating sys- 
tems. Ozone does not make pure air any more than strong 
spices make pure food.” It thus seems probable that  ozone 
as an adjunct to ventilation is destined to  pass into oblivion. 

Bacteria also may probably be eliminated as a factor to  be 
considered in ordinary ventilation, for the idea is gradually 
making its way that the germs of infectious diseases are con- 
veyed to  the unfortunate individual almost wholly through some 
form of physical contact and that  aerial infection occurs with 
extremerarity. In exceptional cases air may be rendered un- 

It is pertinent here to refer to  the case of ozone. 

1 See also THIS JOURNAL, I ,  882. 



2 4 7  Mar., 1 9 1 4  T H E ‘ J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  

wholesome by the presence of poisonous gases. Instances of 
this are the leakage of illuminating gas from defective pipes and 
the production of poisonous fumes in certain industrial procedures. 
But it is now clear that  sewer gas may be eliminated as a factor 
in our dangerous environment, for none of its gaseous constitu- 
ents is markedly toxic and its bacterial content is so slight 
as to be negligible. 

While it has thus been shown that it is not the chemical 
features of air and their relation to  man which supply the physio- 
logical basis for the problem of ordinary ventilation, research 
has a t  the same time been demonstrating that two of the air’s 
physical features appear to  be the decisive factors. This idea 
seems to have been first suggested thirty years ago by Hermanns, 
and it has since constantly found increasing experimental sup- 
port. Hence, in considering ventilation from the latest stand- 
point, we are obliged to turn from chemistry to  physics. At 
the same time we turn also from the lungs to the skin. The 
physiological problems of ordinary ventilation have ceased to  be 
chemical and pulmonary, and have become physical and cu- 
taneous. 

The average adult human body produces within itself and gives 
off to its environment during twenty-four hours, when a t  rest, 
2400 calories of heat, and when engaged in vigorous physical 
labor more than twice this amount. Fully 95 per cent of this 
heat leaves the human furnace through the skin, partly by 
radiation and conduction, and partly by the evaporation of 
the water of perspiration. This loss cannot be regarded as 
one of nature’s errors; on the contrary it is a physiological 
provision, carefully controlled by the nervous system, for the 
good of the organism. If this dismissal of heat from the body 
be prevented, heat will accumulate within-for its production 
never ceases throughout life-and deplorable consequences 
will follow. The bodily temperature will rise above the normal, 
and a febrile condition will result. There will be disturbances 
of metabolism, with the probable accumulation of abnormal 
and deleterious metabolic products ; working power will be 
lessened; fatigue will come on early; and ultimately in extreme 
cases all the untoward phenomena of heat stroke will occur. 

The normal loss of heat or, as the Germans call it, the “un- 
warming” of the body, may be interfered with by making 
the surrounding air too warm, thus preventing radiation and 
conduction; or by making the air too moist, thus preventing 
the evaporation of sweat; or most effectually by blocking both 
of these channels. This last-mentioned procedure is that  which 
happens to  human beings confined in improperly ventilated 
rooms. From their bodies the temperature of the air rises and 
the humidity of the air increases. As these events happen each 
body finds i t n o t  so easy as a t  first to  rid itself of its superfluous 
heat, and this becomes increasingly more difficult. Heat-laden 
blood must be sent in larger quantity to dilated cutaneous ar- 
teries, flushing and warming the skin; sweat glands must be 
stimulated to visible activity; breathing must be deepened ; 
and every method of which the body is physiologically capable 
is unconsciously brought into action to  protect it. At first 
the sensations are merely those of general uneasiness, mani- 
festing itself in restlessness ; then progressively appear sleepiness, 
an oppressive sense of heat, headache, thirst, and still more 
severe sensations which, if relief is not obtained, may give place 
to the delirium of the Black Hole of Calcutta or the prison a t  
Austerlitz-these sensations keeping pace with the development 
of the fever within and the other pathological events accompany- 
ing it. 

Much experimentation has shown that  these evil results of 
confinement in improperly ventilated rooms are caused not 
by the presence of toxic products of respiration, but by the heat 
and the humidity combined. Paul found that  with human 
beings enclosed in a hot and humid experimental chamber the 
unpleasant symptoms began to  appear within a few. minutes 

and before there was time for the accumulaticn of supposed 
poisonous gases. When the air of the chamber‘was put into 
motion the temperature of the skin fell, the unpleasant symp- 
toms disappeared very quickly, and the subject felt as if fresh 
air had been supplied. When the subject had been confined 
for a considerable time and the symptoms had become well 
developed, the breathing of pure air through a tube passing 
from the subject’s face through the wall of the chamber to the 
outside brought no relief. When, on the other hand, an outsider 
with his body surrounded by fresh air breathed from a tube, 
the vitiated air of the chamber, no unpleasant symptoms ap- 
peared. Such facts make it clear that the symptoms are due 
to the action of the vitiated air, not on the lungs but on the skin. 
In  one of Benedict’s experiments a subject was confined for 
three days in a respiration calorimeter. During the second 
day the ventilation of the calorimeter was cut down so that the 
products of respiration were allowed to  accumulate. During 
nearly the whole of this period of twenty-four hours carbon di- 
oxide was present in a quantity averaging 2 . 2  per cent, or more 
than seventy times the usual amount. The humidity ranged 
between 54 and 66 per cent, while the temperature remained 
practically constant a t  the comfortable level of 20’ C., or 68’ F. 
The subject possessed his usual good health and on that experi- 
mental day was said to be “in unusually good spirits.” Hill 
confined eight persons in a small, air-tight experimental chamber, 
containing approximately only three cubic meters of air. The 
oxygen fell from 20 to between 16 and 1 7  per cent, and the car- 
bon dioxide increased from 0.04 to  between 3 and 4 per cent, 
or nearly one hundred times its usual amount. The symptoms 
of the action of vitiated air soon appeared. Then three elec- 
tric fans attached to  the ceiling were started and, although the 
temperature of the air was between 80’ and 85’ F. and it was 
very moist, the simple movement of this wet, hot, stale air brought 
complete relief, for the simple reason that  it whirled away the 
still hotter stationary air from the surface of the bodies and al- 
lowed them still to eliminate their internal heat. 

These experiments and many others have proved beyond 
question that the chemical purity of air vitiated by the presence 
of human beings is a factor of minor importance in ventilation, 
and that the qualities to  be avoided are an elevated temperature 
and an elevated amount of moisture. In  our American cities 
we know too well that the chief danger of our torrid summer 
days is not the heat alone, but the combined heat and humidity; 
but few persons realize that  i t  is precisely the same factors tha t  
are responsible a t  all seasons for the evil effects of the confined 
air of rooms. There is no doubt that the air of our American 
living rooms and many schoolrooms and other assembly cham- 
bers is kept too warm. A temperature of 70’  F. is commonly 
recommended for living rooms, but a lower temperature with 
a moderate humidity is more healthful. The British authorities 
advise temperatures reaching as low as 60‘ F. Acclimatization 
undoubtedly has much to  do with the matter. 

No fixed standard percentage of humidity can be set, since 
the percentage of humidity is so closely related to temperature. 
Thus 100 per cent of humidity in air of 65 is equivalent to only 
58 per cent a t  75 ’ and 3 3  per cent a t  85 ’. A humidity of 60 
per cent with air of 68O F. is rational. 

If any single standard is to be chosen as the standard of 
healthful air, it is probably the temperature of the air as indi- 
cated by the wet-bulb thermometer, for this is a measure of heat 
and humidity combined. The British authorities are very 
positive about this. Thus, Haldane summariies his observa- 
tions in these words: 

“These experiments proved that in very warm air i t  is the 
temperature indicated by the wet-bulb thermometer. . . . . . . 
which determines the ill-effects produced. With a wet-bulb 
temperature exceeding 88’ to  goo F. [ = 3 1  to 32’  C.] in fairly 
still air the body temperature begins to rise, even in the case 
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of persons stripped to the waist and doing no work; and when 
once started this rise continues until symptoms of heat stroke 
arise, unless the person leaves the warm air. In the case of 
persons doing muscular work, the rise of body temperature is 
much more rapid and begins a t  a much lower wet-bulb tempera- 
ture. It will, for instance, begin (in persons stripped to the 
waist) a t  a wet-bulb temperature of about 80' F. [ = 26.7'  C.] 
in still air with moderately hard muscular work, so that hard 
and continuous work is impracticable a t  wet-bulb temperatures 
of over 80' in still air. There is no doubt that when ordinary 
clothes are worn, serious rise of body temperature occurs a t  a 
still lower wet-bulb temperature. Soldiers marching in uni- 
form are, for instance, liable to heat stroke a t  wet-bulb tempera- 
tures of under 70' F. [ = 21 ' C.]." 

Thus, while the problem of ventilation seems clearly to resolve 
itself into the problem of supplying to the individual moving 
air of such a temperature and such a content in aqueous vapor 
as to  enable him to maintain his body in its best physiological 
condition, there still remain many physiological problems re- 
lated to  ventilation which press for solution. At what tempera- 
tures and what degrees of moisture do the really evil effects 
of bad air begin to appear? In  what ways other than the rise 
of bodily temperature and the obvious symptoms do these 
evil effects manifest themselves? Here there are many possi- 
bilities : alterations of respiratory exchange, of relations of the 
oxygen to the haemoglobin of the blood, of the action of the 
heart, of the pressure of the blood in the arteries, of the course 
of fatigue, of the working power of the brain. It must be be- 
lieved that  the normal course of the body's metabolism is altered, 
but no one knows with any degree of exactness what the altera- 
tions are. Do a high temperature and a high humidity bear 
any relation to bacterial infection? What are the differences 
between temporary and prolonged exposure to these unfavor- 
able conditions? Most of the experiments heretofore conducted 
have been of short duration, and few have extended for so long 
a period as even a whole working day. Still fewer have related 
to the exposure, day after day, for weeks or months, to an atmos- 
phere that  is only slightly unfavorable; yet it is probable that  
the evil effects of such an environment are cumulative. How 
are the effects of a high temperature and a high humidity altered 
by performing physical or mental work? At what temperatures 
and humidities can physical work and can mental work best 
be performed-in other words, under what conditions of ventila- 
tion can the highest physiological efficiency of the individual 
be secured? Ought these conditions to be varied, and if so in 
what way, according to the occupation of the individual con- 
cerned? Should, for example, the home, the schoolroom, 
the hospital, and the work shop have each its own ventilation 
standard and in what terms should these standards be expressed? 
These are some of the physiological questions to be answered 
by the investigation of the future. What we already know about 
ventilation and what we hope to know in the future, combine 
to make it clear, I trust, that, as was stated in my introduction, 
the problem of ventilation is fundamentally a physiological 
problem. 
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MECHANICAL PROBLEMS OF VENTILATION 
By D. D. KIMBALL 

It is not my understanding that the subject assigned me 
refers to the details of the problem of working out a design 
for the ventilation of any building for any use, for such problems 
have become those of details only. 

So far as this subject refers to the present wide-spread atmos- 
phere of investigation into the general problem of ventilation 
it might almost be said that there are no mechanical problems 
unsolved in the field of ventilation; which is to say, the engineer 

can provide any chemical or physical condition of the atmos- 
phere of an enclosed space which may be required. The compo- 
sition of the air may be maintained with any reasonable pro- 
portions of oxygen and COa (and ozone too, if desired) and . 

the air may be kept freer of dust and bacteria than the outside 
air. It may be maintained a t  any temperature or any degree of 
relative humidity, and it may be given any degree of movement 
or diffusion desired. Odors and dust of any kind and of any 
amount can be removed. 

These are matters fully understood by the engineer, and practice 
and formulae are a t  hand for guidance along correct lines. 

The chemical and physical properties of the air may be varied 
a t  will and within short periods of time. And all of this may be 
accomplished by the artificial ventilating system. It cannot be 
accomplished by natural ventilation. 

But nevertheless, someone will rise to insist that these things 
are not accomplished and that, therefore, these statements must 
be those of theory and not those of accomplished fact. And on 
the surface it appears as though such a person would not be 
far from right. 

It 
will not be contended that there are not a great many ventilating 
systems in use which are justly the subject of criticism, even 
serious criticism, nor that there are relatively few systems in 
use for which entire satisfaction may be claimed. 

But again, let it be stated that this condition results, not 
because of the mechanical problems involved but for other 
reasons, serious and fundamental. 

There is now no agreement as to which constitutes proper 
ventilation. Information is seriously lacking as to both the 
chemical and physical properties of the air which are most 
desirable. There are many chemical and physical phases of 
this problem which are of undoubted importance, such as oxygen, 
carbon dioxide, ozone, temperature, humidity, air movement, 
dust and bacteria, but in the case of no one of these elements 
is there entire accord among the Physiologists or medical men 
as to the effect of'different conditions, except in so far as the 
trend of recent opinion seems to  indicate that  the physical, 
rather than the chemical, conditions of the air are of the greater 
importance, which is a reversal of earlier opinions. That is, 
temperature, humidity and movement of the air, and its freedom 
from dust, bacteria and odor are the first essentials of ventila- 
tion. Therefore, let the physiologist and medical men determine, 
by a continuance of the splendid studies and experimentation 
now going on, what are the most desirable atmospheric condi- 
tions. The engineer may then be counted upon to provide 
such conditions. 

But decisions on these important matters must be well founded 
and may not be based upon insufficient investigations and in- 
conclusive tests as have been so many of the recently announced 
views as, for instance, the oft reiterated pronouncements in favor 
of window ventilation. In  the tests of this important phase 
of the ventilation problem, as recorded to  date, the subjects 
have been in small classes under the care of specially selected 
teachers and nurses, with special diets, short study periods, 
exercise and rest periods, investigations and instructions re- 
garding home conditions and with other details, all a t  variance 
with regular school practices, all of which doubtless materially 
affect the result, and yet the entire credit is given to the effect 
of the window ventilation. h'o consideration is given to the 
fact that proper window ventilation may be had upon but one 
or two sides of the building, and then only on the sides of the 
building which are favorably exposed, nor is any mention made 
of the enormous increase in the cost of maintaining the school 
system if such a system of school administration were applied 
to  a n  entire city, such as New York. 

I n  this reference to  window, or natural, ventilation there 
is no inteqtion to decry its use within proper limitations, nor as 

Therefore, let us briefly consider the reason or reasons. 


